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ABSTRACT 

F 2 ~isoprtsstanes are prostaglandin (PG) F a -iika compounds that 
are termed in vtvo directly by free radical-catalyzed lipid per¬ 
oxidation. One of the compounds that can be produced in 
abundance by such mechanism Is a-epl-PGF Zil a potent va¬ 
soconstrictor. We have developed an enzyme immunoassay 
and a radioimmunoassay ter measuring urinary concentrations 
of 8-epf-P<aF £a by raising antibodies against this compound. 
The antisera presented high Store (>1/300,000) and provided 
highly sanaitivo assays (IC.*,, 8 and 24 pgfmt. for EiA and R1A, 
respectively); cross-reactivity with other PG was negligible. The 
interassay reproducibility of EIA was assessed by measuring 
the same urine stored frozen in aliquots after solid phase ex¬ 
traction and thin-layer chromatography (1?%, n = 13). Mea¬ 
surements of urinary 8-spi-PGF 2 , by immunoassays were Val¬ 
idated using different antisera and by comparison with gas 
chromatagraphy/mass spectrometry, Haatthy volunteers ex¬ 


creted 25 * 12 ng of &-epi'PGF 2n /mmol creatinine (n =» 19), 
with no circadian variation over three consecutive 8 hr cdi tac¬ 
tion periods (n = 10); preliminary results showed that excretion 
increased as a function of age. Urinary excretion of S—apt— . 
PGF 2 „ was unchanged by treatment with two nonsteroidal ; 
antiinflammatory drugs, lbuprofen at 1J> g/day for 4 days (n = 

4) or aspirin as a single administration of 1 g (ft = 6). In contract, 
the urinary excretion of 11 -dehyriro-thromboxano Be, a platelet 
cyclooxygenase-derived metabolite was reduced by more than 
00% after aspirin administration. Analysis Of serum revested a 
small (0.1% of thromboxane BJ but Consistent production of 
a-epi-F’GFa,, by a cyGlooxygenasc-dependent mechanism to¬ 
tally suppressed after administration of aspirin la the sanw 
subjects. Monitoring of this compound in urirw or plasma may 
turn to be a useful index of in mv lipid peroxidation. 


Lipid peroxides have been reported to accumulate in cer¬ 
tain diseases as a cnusstpaence of free-radical attack occur- 
ring io, advanced atherosclerosis, stroke and myocardial in¬ 
farction. Recently, a aeries of PG F 2 -like compounds termed 
F 2 -isopruetanes produced in oioo in humans was discovered. 
These compounds are formed by a nmeyclooxygenase, free 
radical-catalj-zed mechanism involving peroxidation of 
axachidonic acid (Morrow et aL, 1990a and b). One of the 
compounds, 8-epi-PGF,^, (fig-. 1) has attracted attention be¬ 
cause of its biological activity; it is a potent vaBoeonstrictOr in 
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the r&fe and its action has been, shown to be mediated at least 
in. part via interactions with vascular l tXA 3 /PGH 2 receptor 
(Takahashief aL, 1932). In addition, tins compound 
as a partial agonist an platelet aggregation because it in¬ 
duces platelet shape change but acts as an antagonist of 
TXAg/PGH^ receptors on both human and rat platelets *dxen 
platelet aggregation is induced by TXA^ miiaetixs CHecker t£ 
erf 1987; Morrow el aL, 1992c). In contrast to lipid hydroper- 
oxides that decompose rapidly in human fluids or tLasaea, 
Fg-isoproBtanes are chemically stable end-products of lipid 
peroxidation. These compounds can be formed fifom arachi- 
donic acid in the phospholipids and subsequently be released 
by phospholipases, preformed. They are present in both 
p }gjTTTL/i and urine estimated by QCflrfS mew ici ae at al¬ 
though the internal standard used in those studies waa not 
itself an isojrctiBtaaa (Morrow « oL, 1990b; Martnw ef of.. 
1992fi and Morrow ef fill., 1992b). Meaamentonl; of 8-epi' 


abbreviations: Ba enzyme immunoassay; TX, thromboxane; R!A, radioimmunoassay; PS, orostaglandinr TLC, thin layer idvcrnaiDsrepnyi 
Nici-GG/Ma. negative ion chemical ionlxation-gaa cfiretnarography/maBS spectrornetay,_ __ 
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Fig. 1. Free radical transformstlon of aratdiidonic acid Into 5-ep-PGF^, 
(from Marrow si al., 1990fc>) 

FGFs, a£ a marker of oxidant iryniy rruiy provide a unique 
index to reflect endogenous lipid peruadwtion andfor monitor 
tlie formation of a potent biologically active compound. The 
aim of this 3tudy was to obtain antibodies against 
PGFa_ and subsequently develop sensitive umnunesa&aya 
that enable the detarmmafcjon. of th>w compound in complex 
biological fluids such as serum or urine. 


fJ-Epi-Prmlaqlundin F^, httitiunoasseya flfl 

Materials and Methods 

Materials and preparation of antisera. S-npi-PCF*, and ether 
PG standards were purchased Be a m Cayman Chemicals, Ann Arbor, 
ML L^K) ;-w-.pi PCr'.^ [S3.4 Ci/njnmi] was a land gilt of Dr. Kama] 
Badr. S-Epi-PGEj was a kind gift of Dr. L. J. Baberta H. Keyhole 
limpet bemogyanin (KLli), 3.5* phosphomolyhdic odd selncimt. 

5- hydraxy-tempa, btitylated hydroxy-toluene (BIIT), human and ho- 
vina aarum albumin ware from Sigma Chornies! Co., St. Louis, MO. 
(S.a.B,9,ll,12.14,16-^HfNVrXB I 3.7-S.Z5 TbqforotoQ was uhiained 
from New England Nuclear Du Punt, Paris, Prance. Baker Bond 
solid phase extraction cartridges, all solvents rush per du umjtre Jjtf- 
uid chromdre'grsphy grade Were from Baker. PhiUibabmg. N-J- TLC 
plates (SHieagal G 20 X 20 cm) wor d from Merck Darmstadt, Ger¬ 
many. Antisen were obtained using two different approach**. C«. 
plifrli of a-epi-PGFa_ to keyhole limpet heuiucy unin was achieved os 
dasaibed earlier (Pradelles r.t aL. 1905) and the immunization pro¬ 
tocol essentially followed that of VaituktntiS ef at- (1971). Alterna¬ 
tively, Wpi-FGFs. was CDQjueated to human serum albumin urine 
the earbodiimide method and a previously established protocol (Cia- 
hatroni. 19875. 

Urtno connexion in healthy enbjncc*- The awnple* wore col¬ 
lected tbmuginnit a 6- to B-mO period from 19 beetihy Butprete (la 
mnl/n 7 fr»TTxrt1(V 8 TtnnaTTi A'Wf^r’? fimj 2 fajrmkpTh i, pgf* T rftTifh » 21-^54 Tf) 
who hail not token any drugs for 15 days before urine collection, 
unless specified. In n preliminary attempt to asuesa for the uifluana* 
of imsvnvdng ag* p another group of 20 healthy vnluntracrm (natmmuk' 
era > aged 21—77 yr) v/aa also Ovwnighx iurines (appiro- 

imathly S—10 hr) Wers ujlliictcd in the morning* Crardonatad la fid-mi 
aliquots with 5-fcydn$sy-ttanpo, n five radical scavenger and EOTA. 
1 mM final each (Sigma) and stored at —70°C until analysis. An- 
aliquot vjpa atored without the antioxidant for creatifriao inflifTnrtv 
ment by the Jaffe chromogen method. Separately, the antioxidant 
w ttm nAAts* a stogie urixre sample uH tcadig tely after reeding. It woe 
then dividml into nix 10-ml aliquots «t, 4 fanaa Ife- m n d iqtoiy or nftw 
1,2,3.4 or5 h storage at room temperature. Analysis ofbqn-lljF^ 
by RIA (see later) did but alum any peculiar trend with. time. aug. 
getting that under these conditions, no spontaneous formation or 
degradation of this compound occureti. In another setting; s large 
velum* of Urine to which waa added 5-bydrcccy-tompo®DTA was 
divided into aliqupta am} stored ac 70“C. Analysis of A-cpi-POF^ 
over a 6-mo period did not show any variation of she levels suggest¬ 
ing that this precaution prevented ex vivo auto ri d aticat rcprTTter) 
earlier CMnrrnW mi aL, 1990a). For thi* pMTpme. samples with high 
and low values (TSD-flS? pgfml urine) stored at -SVFC, ana)yzed at 

6- ttLo interval didntrt show any significant variation of values (d£3 rr 
194 U*. 360 n 522 pgficol urine, n — 6, Mean * ED with leas than 10% 
difference in. value fox eech individual aampleo). To assess whaiher 
■areadim variation in Fg-iaopmstane croon. urine wee ceUnted over 
24 hr in 10 (subjects at three cncaecllti-ra S-br samples and Was then 
ntowsd as dmueribed above. Finally to determine if cyclooxygenase 
inhibition ran alter urinary Fj-iaapiustanea, six healthy subjects (six 
moles) ingested 1 g aspirin (lysine salt)at 8 P-M- and three 8-hr arine 
collections were obtained os mentioned above, ntarting at 1 e W. the 
next day. Graprefen was odmlnlstned (1-2 g daily) orally for 5 con- 
oscutivs days to (our healthy uubjectD (two mates , two females) sod 
unite was collected before and during thn period of drug administra¬ 
tion. 

Scrum. fr’KRj production during whole bland dotting before and 
after aspirin ing nmm was measured in five of the six subject* 
moationsd above (Pafatmo or aL, 1980). Hie ontt-TXBj and the anti- 
11-dchydre-TSBj acre used were obtoined in cur laboratory 
(PradeQes er cL, 1985; Ciabattoni et aL, 1989). After co agula tion, 
B&T was added! to the serum oomples iu Xnta-aridanc and the sam¬ 
ples were immediately frozen at —'7EPC until analysis. 

KIA uxolyei*. PurifrCatim and extraction of nxioe for ElA anal¬ 
ysis was identical to that performed by Tulln i yhr ef aL (1990) with 
the following exceptions: 0000 C(na of (“HJ-TKBa was added to urine 
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for rticrjv^ry cstiTn<afcu3n.j JS&lwrhcmd cartridges were used for Kulitl 
phase extraction. Authentic 8-epl-FCrF 2a and 2 i-ddhydrt^TXl^ ware 
njii oji a separate lane and visualized using phctaphutBotybdl c acid 

apnjy r The tones eo (responding to &*epi*PC!F 2a (Bf O.lS), TXB^ CRf 

0-21) and ll-ddiydro-TXB a (Bf 0.29) w*re a craped off and eluted 
with 1 ml EIA hiiffer (b«b below). The fraction containing FHJ-TXBx 
was counted to estimate for lasses occurin£ during the purification, 
stepa- 

On same occasion*, Sertlffl w*A analyzed for its 8-ejM-PGF^ ex¬ 
tent by direct assay; n&sulta were coin pared to those obtamsd after 
purification of the extracts by TL-C, L^Hl-TEB, was added (see abeva) 
arui the pnitomx precipitated overnight after addition of ico-co5d 
methanol (aeruso/methaiiol, i:4> v/V). After ccr.trifugatiqn, the super¬ 
natant was diluted with water to reach a final concentration of 1.0% 
methanol and the samples extracted and run on TLC aa described 
above prior to EIA ajanly sia. 

After pitriflcatiun, the different Tnetaboliiei? were measured by 
EIA using a published procedure fP tndcllett et aL t 1385). Trst^ra 
(8-epi-FGF^ TXB Z or ll-dehydro-TJCB s coupled to acetylcholine 
esterase from the electric «el) a>id corresponding antisera ware then 
added (50 jd each) at appropriate dilutions, The protocol fallowed 
that described by ftudeilea at aL, (19ftS). Fitting of the standard 
curves and calculation* were dona with & iflicrocoinputer (IBM) using 
a linear log-logic traxurfbrmatitm (Rodbaxd and lawald, 1970). AH 
measurements were dcoa in duplicate. B’or urines, the* results given 
by tii* computet (ng/ml) Wtfe u»i^il!§d a^nnflag to creatinine sad 
recovery (calculated from tix6 addition of L°HFT5£Ba to urinary sam¬ 
ples). 

KIA obsMi. After adjusting the trina pH to 4.0 with formic 
acid, 10-mi urine aliquots went extracted on Sep-Fak cartridges 
OVatera Associates, Milfbtd, MA) and oluted with 10 ml ethyl ace- 
tote. The clu&te? were subjected to adieu: add ^ luTWW ehratoatogra- 
pfay sud further eluted with benzeneiethyl acetotexncthanol (6Q;40; 
ao > v/v) T These* eluatef were dried, recuyeied with $ ml of buffer and 
assayed x& the KXA system at a frnal dilution ranging between J:30 to 
1:50, Recovery was evaluated by adding 4,000 cpm of t J ti.l-&-epi- 
PCS*. or PHi-TXH. to rarih urine sampl* before extraction end by 
counting-twp 1-mi aliquot oftSie extracted and purified mixture. The 
overall recovery from the whole procedure S-vereged 78.8 E 6.0% 
Cmesn ±. SJX, j% n z,) for PHJ-g-epi-PGFa, end 77.6 i 6.1* (n “ 28) 
for ( a H]-’DCE I - A single elugte obtained from s urine pool was sub¬ 
jected to levers e-phasc high- perfu naanCe liquid chromatography 
.CIS, 220 4.8 nun, 8 /•— Brownlee rnT otno ) with ibe solvent 

syutem, acetonltrilerwatmr.ocoticacid(27:73:0.18) at a. Bow rate of 0.5 
luiftniS; O.S-min samples -were collected for 30 min. £uth fradSuK. was 
vacuum-dried. in a Speodvac evaporator linked witli a Savant-refrig¬ 
erated condensation trap, recovered with 1 ml buffer and mated in 
the KIA system. The peak of &epi-FGF M eluted at 13 min; it wna 
identified ty UV profiling of authentic standard {100 ngX Retention 
times of other FG were 5 min fbr 6-tebrFGFp,, 12 min for B-epi- 
FGFj, and 24.8 ruin fbr PGEy. T ha p eak widths ranged 1 to 2 min. 

AppacnmaUriy 2500 dpta of C‘H]-3-epi-PGF s „ was ro>v«d vriik 
appropriately diluted antiaerum. in a volume of 1.5 mi of assay buffer 
(phosphate 0.Q25 M, pH = 7.$) and incubated for 24 to 30 h at 4“C, 
to obtain apprerimatelj- 40 to 45% binding of the labeled hapten. 
Separation of antibody bound from free PHhS-epi-FCxB)*, wua 
achieved by rapidly edging 0.1 ml of a 5% brndne serum albumin 
solution and 0.1 ml of a cbsrecel anape nri on (70 mu'fijl) and subse¬ 
quent centrifugation ot VC for 10 at 6000 rpm (3000 x g) 
Supernatant snlutioua eontainhu? antibody-bound FGwere dscannd 
directly into 10 ml of Instagel (Packard). Radfonctzvity was counted 
in a Packard Tri-Carb 1900 CA liqmd arintiliatibn coqntor. Data, 
were pmesaaed with tha aid of a computer, which was programmed 
to correct fin- nonspecific binding. 

Negative ion chemical innixatton gae chromatography/ 
maw apertnunetry amlyiri* CNICI-GC/SBS). 8nspi-PGFfc, was 
quantified by a stable isotope dilation assay similar to that previ¬ 
ously used for TK metabolites (Catolla and FitzGerald, 1387), Tha 


Vd. 275 

internal utendnrd was [' K C,1 S-tpi-PGI'^. produced from auteontic 
S-opi-FGFj, (Cayman Chemical) uaing the technique described by ; , 

Hekett and Murphy (1931). Samples were spiked with 1 Aft internal 
standard end acidified to pH 3 to S.5 with formic acid. After ‘-rtme. 
ricn orniC„ solid phase exiractimi coltuhn (Alltadi IXTSodJitcn Inc., : 

Deerfield, MD, they were purified by TLC on ailScagel plates (LKfiB: i 

Whatman ter Clifton, NJ) using 90% ethyl &cstatB>T0% tcethanoi/ j 

0.1% acetic acid &S the mobile phase. The nentofluorobemyl estnr 
was formed [10% FFB Br in acutomtiil-, 10 min. at room tempera- i 

mre) and farther TLC pnrifimtiott was achieved using ethyl oratate 
*3 thB mobile phase- The tert-butyldimethylsilyl either was formed by s I 

adding 10 pi N-Itert-butyldiinethylailyll-N-inethyltriflebraaLete 
amide (S1TBSTRA; Sigma) and 10 pi pyridine and allowing the . 

Ruruplt" to stand at room temperature for 24 hr, 

InstruPteOtetinn was 4 Dels! 200 gaa chromatograph interfored 
with h Nermag Automata ISO muss spectoumoter (both firm ATI 
Instruments, Mi.1t.qr WD- The GC column vaa a 30 m DB-l C.I&Vf 
Baentific, Folsom, CA) programmed from 100 to 320*C at 20°C/miu. 

Walnut, was the currier gua. GOM3 interfaea temperatmu Wu 
BOO’C.: splitleaa injoctien temperature was 2fi0 B C. Re tention tame 
was appnmmately 13 min. The mass spectrometer wns operated in 
the negative ion chemical iouicutiun (methnne) made, monitoring 
m/i S&B for B-epi-PGFsa and cite 693 for the [“Oj-lobeded internal 
a teadairi Integration times were 600 ms fo? ftfidl iod. Quantifeatjcn 
vrea by jsrak area ratitra. 

SUtuctici. Stctiotica on linear regressions were performed using 
SIgmaStot wftwwe (Jandel Co, San Bafsele. CA). 

Results 

Binding parsmeters. The be3t ontteemra used for EIA 
(L#9) -was obtained after the 5th booster. It gave a linear 
response from Z to 125 pg/ml with an IC W of B pgital (tc,, 
concentration required hi inhibit initial bi ndi ng by 50%) as 
shown from the lug-logit representation (fig. 2); it waa used 
at 1:900,000. For EIA, the best available antiserum CRab #1) : 
bound 45% of the labeled hapten at a final dilution of i 
1:200,000. Ualabeled B-ejn-PGP^ displaced the binding of i 





B-epbPGF 2g 



Fig. S. Deso-lBsponss curvsa of A-epi-PGFa, Immunoassays by EIA 
(up{»r panel) or HIA (Iqwer ponal). Oirrorant anrtsnra (Ufa and Ra&ri. _ 
raEOBcdvirty) were ussd in these studies. 
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the homologous tracer in a linear fashion over the range of 2 
to 2SQ ps^ml, with an IC C(i of 24 pg/ml (fig. 2). The Moss- 
reactivities with other PG and related metabolites are shown 
in Table 1. The intra-assay In — 6) and interns say (n - 8) 
coefficients of variation were £ 2.0% and. ± 2.9% at the 
lowest level of standard (2 pg/ml) and £ 3.7% and £ 10,8% at 
the highest level of standard (25Q pg/rol), respectively, The 
two antisera tested in either immunoassay system expressed 
a good specificity as evaluated from the limited recognition of 
heterologous compounds. However, such evaluation does Dot 
account for the interference of unrelated substances present 
in complex biological fluids 3ueh as urine or serum. We there¬ 
fore performed several measurement* in biological media to 
ascertain the specificity of the values obtained with the im¬ 
munoassays, irrespective of the label. 

Validation of the analysis of B«ptFCF b in urine 
and serum- The reliability of EtA using [ a H]-TXBj, as a 
recovery tracer was initially verified by spiking known 
amounts of fci-cpi PGF,. jr (in excess of the concentration found 
in the biological matrix) to buffer or to two different volumes 
of urine. There was a good linearity in the quantification of 
S-epi-FGF^, (fig, 3A), The recovery for extraction and further 
purification of unlabeled 8-epi-PCrF 1 !,, averaged 73 * 9% (g - 
19) whereas that of [ a Hl-TSE.j was on average 54 — 5%. 
Confirmation of the validity of this approach was provided by 
the analysis of increasing volumes of the same pool of urine 
for which we observed a linear relationship between the 
volume and the assayed material (fig. SB). 

Final validation of the assay in urine was provided by 
comparison of values obtained by TLC/EIA. with an indepen¬ 
dent analytical approach, NICI-GC/MS. Different sampleE of 
urine were analyzed by GC/MS and the same samples were 
quantified by EIA following the procedures described in “Ma¬ 
terials and Methods.* An excellent correlation between tb« 
two methods was obtained (r = 0.99, n = 9. P < 0.001; fig. 
4A). Additionally, 12 urine samples were extracted and pu¬ 
rified fin- RIA as described in “Materials and Methods.’ The 
urine extracts were quantified by RIA nmng two antisera 
with a slight difference in cross reactivities (Table I, RIA #9 
and RIA #1), Similar values were obtained using either an¬ 
tiserum (r = 0.99, ft = 12 P < 0.001; fig. 4B). It should be 
noted that in both canes, exclusion of the Bingle high ranged 
S-epi-PGF^, value still yields correlation caefErientS of r - 
0.92. 

table 1 

Specificity of arrti-S-epTPliF^ sera used for BA and RIA 


Ligand 

ooss-Rajte-iiy a mu i«ia {*) 

0 8 BA. 

0 9 EIA 

#1 ALA 

8-Ept-PGF 2ft 

100 

100 

100 

a-epi-RGEj 

N.D. 

0.03 

7.7 

psf» 

3 

0.02 

0.2a 

TXB, 

1.9 

0.01 

<0.02 

S-Kato-PtiF,,, 

0.4 

<0,01 

<0.02 

PQE, 

0.01 

<0.01 

0.56 

- a^-Dinof-e-tarto-PGF, „ 

1.1 

<aoi 

<0,01 

?,3-Dlfior-TKPt, 

0.06 

0.03 

<0.01 

PGD S 

1.2 

02 

N.T. 

6,15-Diketo-PGF^ 

N-T. 

N.T. 

C0.O1 


Cm» raactivfte* were dtiwmbwJ xttir ridldon of «Mix iwmalijgoiJB (feepl- 

FGfgJ or (after PGJ ft The? anUbady^bA^e complex. Dfc- 

ptocemem of 50% initial binding was dfitatfunoCI fortn* dlffowm compounds and 
ratoftn % was expressed as too concentration of homofcagous/corrorrfiHtfQn of 
MwdogDas ligand * 1 00 - N,T„ nor waorf - 


B^Epj-Prmtaglandin irnmuno^asays 97 

A 



8-epi-PGF ^ added (ng) 

B 



Fig. 3. Recovery snd dilution studios of urinary S-«pi-PGF- z>1 By ElA. A, 
Known amounts ol 8-op!-PGF aa ware arldnd to buffer or different 
volumes of human urine (0,2.5 or 10 ml) and analyzed as fleseflbed in 
"Materials and Methods’ by E1A_ B, Increasing volumes of dw same 
urine were analyzed and the amount of g-epi-PtaF w dotetrnirwd. ftfl- 
TXB, was @ddad for recovery estimation prior ta analysis. 

Urinary excretion of 8-epi-PGFj*, in normal subjects. 
Analysis of the daily variation in the excretion of 8-epi-PGF 2i4 
ip wins was performed in 10 different subjects on a 24 fer 
period. No statistically significant variation could be ob¬ 
served among the three 8-hr collection periods (fig. 51- The 
average excretion value of fr^pi-POFoa 25 £ 12 ngftmnol 

creatinine (ft ■ 19) in subjects aged iesa than 54 yr. However 
8-eipi-FGFa,, excretion signifirantly correlated (r = 0-81; F < 
0.001) with ingeaBrng age (Eg. 6), 

Because of the non-enzyznatic nature of fijrmetion of &ejn- 
PGFo, (Morrow ef aL, 1990b) it vat of interest to assraa the 
consequences of cyclooxygenase inhibition. We tested the 
effects of two distinct nonsteroidal HTitiinflftinmHtnry drugs, 
aspirin and Xbaprefen on the excretion of 5epiPGFa, in 
Urine. Single oral de wing with 1 g of aspirin was not associ¬ 
ated with any statistically significant variation in the uri¬ 
nary excretion of &-epi-PGF 2a (fig. 7). However, urinary ex¬ 
cretion of the platelefc-cyduoxygKnnse-iierived ll-dehydns' 
was inhibited by more than 8(W b, reflecting the 
effectiveneas of aspirin on ita enzymatic target- When the 
revereible cyelooxygeoase inhibitor ibuprofen (400 mg ti. A) 
was adminis tered repeatedly during 4 days, there *' Qfl Ba 
statistically significant change in the exErctiim of B-epi- 
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Rg. 4, Validation of immunological measurements of urinary 8-epi- 
pt3F Jrr . A, cSorrelatian between excretion rates erf B-epbPGFj, as maa- 
sural in tire same urina samples by SEA and NtGI GC/MS. a, Ccnelstion 
bohvigan measurements erf urina crenels by RLA using two different 
antisera directed against B-spi-PGF Za . Urines were ex tracte d and pu¬ 
rified as described in ‘Materials and Methods.** 

PGf'z* durme this period compared to the 2 days preceding 
administration (fig. S). No measurement of ll-dehydro-TXB a 
■was pe rfo rmed. 

Beeantiy, Pratico et aL (1995) reported, that human plate¬ 
lets can also generate small amounts of 8-epi-PGF 2<s by a 
cyclooxygenase-dependent mechanism. We have analyzed 
the formation of 8-epi-FGF aot in the serum of six healthy 
subjects and found that small bat significant levels of this 
compound could ba detected. Under these conditions, very 
substantial amounts af TXB Z are formed (fig. 9). It should bo 
noted that the serum concentrations of 8-epi-PGFj^ am three 
to four orders of magnitude lower than those of TXB Z (Lb. , pg 
vs. ng/ml). When serum of the same subjects was analyzed 
after aspirin intake, there waa a 90 to 98* reduction of TXB 2 
(Le., from 380 — 200 to 7.6 a: 4 Dgfad, Mean m SD) with a. 
.si milar reduction in 8-epi-PGFj„ (from 8? 1 34 to 7 ± 2 
pg/ml) (Eg. 6A). To verify the specificity of 8-epi-PGF^-lIke 
immunorsaotivity detected by direct assay measurement, we 
performed tine analysis of the same samples before and after 
aspirin ( i.e at high and low concentrations) after extraction. 


Timing at enlledfon (h) 

Fig. S. Daily variation of urinary B-epi-PGF^ excretion analyzed in IQ 
healthy subjects. Consecutive B-hr coBeetioris of urine Worn pertormnd 
over 24 hr ter each subjects. Collection ana analysis of urines wens 
dona oy ElA es described in “Materials and Methods." Qpm filangtei 
represent mean ± S.D. 
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Rg. B. Relationship of 8-epi-PGF^ eicnafion with ago In 20 sutearts 
(r - 0,8*1; P < 0.001). Analysis of the samples was acne by H1A as 
described In "Materials and Methods." 

and TLC purification; correlation, between values was r = 
D.31. n = 10, F < 0.001. The amounts of B-epiFGFz* present 
in serum, before or after aspirin, were correlated with the 
amounts of TSB 2 (r => 0.B9, n - 10, P < 0.0001) (fig. 8B). 
Altogether, these results suggest that the minute amounts of 
S-epi-FGFi, formed er vivo during whole blood dotting are 
largely dependent on platelet cyclooxygenase activity. 

Discussion 

The discovery of a new family ofhiologfoaDy active araebi- 
donic add derivatives, he., F 2 -isripniBtaneB formed via non- 
enzymatic mechanisms, has rendered necessary the develop¬ 
ment of new assays to establish their formation and 
importance in pathological situations involving oxidative 
stress. We report attention of antibodies against 8-opi-PGFj^ 
and development of immunoassays for this compound. Both 
KtA and EIA. appear to provide good sensitivity and specific¬ 
ity although we could not test nirther croea-reartivitieo with 
other iaeprestariBB., due to the lack of appropriate standards. 

Direct analysis of elcosanoida in urine by TmTmmrg i ftriHy a is 
not possible as previously discussed for other arachidoruc 
add metabolites (Patrono. 19ST). Extraction and purifictitic.o 
of the compounds are a prerequisite to their analysis teause 
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Fig. 7- Effects of aspirin on the urinary «rcT«liOn of 6-cpi-FGF^ In 
liaaliny volunteers. Left of panel, urinary oxoation 8-spi-PQF 3 „ before 
{•i and after p) administration of a single dose (1 g) of aspirin in six 
fieaRfiy subjects- Rigm of panel, urinary excretion of H-dehydro-TXB2 
before [A) and after aspirin treatment. Each subject ingested 1 g of 
aspirin at £ p.M. and urines were collected from midrirgrit in mree 
consecutive s-hr fractions. Analyses of U-apl-PGIv,. and 11-dahydro- 
TxE;. worn done by ElA as detcribad in "Maierialc and Methods.’ 
Because tfta value® remained unchanged (/.«., <15% of variation) in the 
frapnons, wa have reprasjrrtad the mean Of the t Fltee d e t e n u inaiiona for 
each Eubfecl. 


fotioroibn ri Zft/daVI 



t a a a s e 
Time of evaluation (days) 


Fig. B. Effects of daily intake of Ibuprefcn. (1.2 g/day for 4 days) on 
B-epi-PGF 2a urinary excretion In four healthy subjects- Analysis 
of 8-epi-PGF 2 „ was done by R1A as described in 'Mata rials and 
Methods.' 

of interfereno? by etructuraHy related metabolites and other 
materials. (The Specificity of irftrnnnn l mrir-H l meaauremants 
was validated by comparing value* toot had been obtained by 
CC/MS with those measured by TLC/EIA. A very good cor¬ 
relation was obtained between these two techniques, The 
^xtrsCtioo/puiTiEcaaan procedures required prior to either 
EI& or RIA, albeit different for each technique, resulted in 
similar Values for the urinary excretion of S-epi-FGF^ (sae 
figs. 6 and 7). Either chromatographia method of purification 
(i-e.. silicic arid column or plate) before the immunoassays 
can be used. Additionally, measurement of the same urine 
extracts by different antisera possessing distinct specificities 
also gave vary similar insults- Tbe ujSe of pH]- , nS 2 and the 
purification, protocol are identical to the procedure already 
used for ElA of other urinary metabolites (Lellouche et <U- t 
1990), Therefore, thia protocol provides the opportunity to 
analyze an additional metabolite- from the same purified 
extract. Because of its sensitivity, ELA could be used success¬ 
fully for direct measurement of B—spi-PGF;^ in serum since 
values (lay? and high.) obtained after purification were similar 
to those obtained by direct measurement (see comments of 
Sg. 8). Additional measurements of s-epi-FGFa,, in plasma 
should be performed to assess the uaefldnesB of measuring 


s-£p1 Prostaglandin F*, Immunoassays 99 

A 



Aspirin — + - + 


B 



A-epi-PGFi, (pgiml) 

Fig. B- Effects of aspirin on scram levels of S-flp»-l J GF ? , and DIB; in 
hetitfty suhjacts. A single oral dosa (1 g)cf aspirin waa ndirinbtorod to 
six subjects (same as in fta- 5] and serum was eottoersd from flws 
subjects as desalted in “Materials and Methods/ before arid 12 hr 
after dosing. A. Leri of panel, S-opJ-PQFa. terete in serum before end 
after aspirin. Right of panel, corresponding lavels of TXB,. in tne can® 
samples. Mom the differs mm In scale (pg/ml for (Pdpt-PGF^ is. ng/ml 
terDCBJ. B.CorralatlDn between firepFPGFa. end Dfflt in iftodtHartrt 
samples of serum (Le„ before and after aspirin IrtpartSon). TXB, and 
8-epr-PGF^ wars fflietysed directly by ElA. Similar values *ao ob¬ 
tained when serum samples were purified try TLC alter soBd-cfiase 
extraction as described in “Materials and Methods/ 

this compound in various diseases eppre-i^t-jd with a modifi¬ 
cation of the peroxidation tone and/or during generation of 
free radicals. It should be emphasised that ex vivo formation 
of isopraetanea can result from anteaddation (Morrow et al. w 
1990a), Immediate processing of the samples and/or adding 
antioxidant and storage at —7D"C appear to redoes this er- 
tefaf i nal formation because we did not observe an increase of 
imznunoreactive material up to fi mo seder these renditions. 

Although tha rationale for measuring PGF j-iaoprestansa 
in various pathological conditions has been discussed exten¬ 
sively (Momw etaL, 1990b, Lynch et ttL, 1994, Robert* and 
Marrow, 1996), specific assessment of S-epi-PGP^, produc¬ 
tion has reenived little attention. We have found that human 
volunteers present a highly reproducible rare of excretion of 
8-epi-PGF Sa and that arcadian variation is not detectable. 
Excretion of this compound was significantly elevated in toe 
urinea of two heavy Bmnkera (be., >20 dgarattes/day), (data 
Dot shown) compared to other normal individuals consis¬ 
tently with the recent report of Deleniy et at (1994). The 
e nhance d excretion of endogenous excretion of 8-epi-PGS“s„ 
in older subject* is consistent with an earlier report showing 
an. elevation of arnehidorric arid metabolites in apparently 
healthy older aubjecta (Reilly and Fits Go raid, 1986) and **fll 
deserve further investigation. Urinary excretion, of fi-epi- 
PGF^ waa not modified by the administration of two struc¬ 
turally unre lated cyclooxygenase inhibitors os anticipated 
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-from its noncyclooxyKcnasK origin. Under tie satne condi¬ 
tions, the urinary excretion of platelet cyclooxygenase-de¬ 
rived ll-dehydro-TXE 2 wan largely suppressed in agreement 
with, the known effect of aspirin on TXA-j biosynthesis in vivo 
(FitzGerald gt al., I9S3). More unexpected Was the formation 
of 8-epi-PGF K= os a cydoOsyganase^iepeiident metabolite 
found in the Serum Of normal individuals. Its synthesis ip 
relation to TXAg was reinforced by para Del suppression after 
aspirin intake evaluated by cr uivo measurement of TSSj 
and 8-gpi-KxF 2a . The formation of this compound has al¬ 
ready bean reported as a minor by-product of PGH synthase 
(Hecker et of-, 1987). Similar observations have recently been 
reported in platelets (Protiro et al,, 199b). Moreover, induc¬ 
tion of PGH synthflae-2 in human monocytes is associated 
with cydix^genaae-depetident generation of S-epi-PGF^,, 
that can be suppressed by selective inhibitors of this induc¬ 
ible enzyme (Patrignairi et cl., 1995). Our finding that nei¬ 
ther ibuprofen nor aspirin affected the urinary operation of 
8-epi PGF;.^ to any detectable extent in healthy subjects 
strongly suggests that such enzymatic mechanisms of iso- 
prostane biosynthesis do not contribute importantly to the 
global biosynthesis of S-epi-PGF 2R in viva under physiologi¬ 
cal circumstances. However, the potential for a cyclooxygen¬ 
ase independent component in xsoprostana biosynthesis 
should be considered in the setting of platelet and monocyte 
activation and riguroualy tested with adequate pharmacolog¬ 
ical tools. 

Our study was designed to use immunoassays of 8-epi- 
to establish the patterns of excretion of this compound 
in healthy humans. The vasoconstrictor activity of 8-epi-PG 
isomers might play a deleterious rule in pathological stateB 
such as lBchemia/reperfosiau CDelanty et al, 1934). Our re¬ 
sults constitute a broad basis for the analysis of P E -iaoprOS- 
tone biosynthesis in diseases ouch as vascular occlusive dis¬ 
orders where fires radical generation and oxidative 
modifications of low density lipoproteins are thought to be of 
importance (lynch et ok, 1994). It is possible that this ap¬ 
proach will facilitate the rational evaluation of antioxidant, 
drugs in hum&ns. Perhaps more importantly, such com¬ 
pounds might provide stable markers of oxidative reactions 
in humans, as they possess longer half-lives than hydroper. 
asides and/or reactive oxygen species (Roberts and Morrow, 
1996). 
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